Recently, a number of studies have been performed worldwide to examine endocrine-disrupting chemicals (EDCs) and their interactions with the development and function of various systems in animals and humans.
Nonylphenol ethoxylates have predominantly been used, amounting to about 80% of the production of alkylphenol surfactants. In a recent study, nonylphenol (NP) had significant effects on the reproductive potential of medaka (Oryzias latipes) at concentrations as low as 17.7 mg/l, 4) and 50% of the male fish in the 50 mg/l treatment and 86% of the males in the 100 mg/l treatment developed testis-ova, an intersex condition characterized by both testicular and ovarian tissue in the gonad. 5) On the other hand, triclosan (TCS, 2,4,4Ј-trichloro-2Ј-hydroxydiphenyl ether) is widely used as an antibacterial agent in liquid toothpaste, soap, shampoo, and cosmetics, and is frequency found in wastewater effluent. Water samples collected near the outfall of a wastewater treatment plant in Rhode Island, U.S.A., showed 10-20 mg/l of TCS in the effluent and 80-100 mg/g of TCS in the sediment. 6, 7) Our previous study suggests that TCS has high toxicity on the early life stages of medaka, and that the metabolite of TCS may be a weak estrogenic compound in male medaka but with no adverse effect on reproductive success (such as fecundity and fertility) and offspring. 8) Moreover, Hanioka et al. 9, 10) reported that 7-benzyloxyresorufin Odebenzylase (BROD) and 7-pentoxyresorufin O-depentylase (PROD) activities, which are associated with CYP2B1 activity, were remarkably induced by all doses of TCS in rats. Their results suggested that TCS induces the P450 isoforms of the CYP2B subfamily in the rat liver, and that the induced P450 isozymes were closely related to the toxicity of TCS or its chlorinated derivatives. However, there is no information about the effects of these chemicals on the hormonally responses of amphibian.
11)
The South African clawed frog (Xenopus laevis) is sensitive to environmental chemicals as it spends all the life stages (egg, larva, and adulthood) in water. Hayes et al. 12) examined the effects of atrazine on sexual development in X. laevis, and reported that atrazine (Ͼ or ϭ0.1 mg/l) induced hermaphroditism and demasculinized the larynx of exposed males (Ͼ or ϭ1.0 mg/l), and male X. laevis suffered a 10-fold decrease in testosterone levels when exposed to 25 mg/l atrazine. Therefore, in the present study, we used X. laevis as a test organism, and investigated the effects of NP and TCS on production of plasma vitellogenin (Vg, egg yolk protein precursor), steroid hormone testosterone (T) synthesis, and hepatic CYP1A and CYP2B, as measured by the ethoxyresorufin O-deethylase (EROD) or PROD activities in male X. laevis. To our knowledge, this is first study on the effect of TCS in male X. laevis. Chiba, Japan, and have been maintained in glass tanks in our laboratory under 16 h light-8 h dark photoperiod at 24Ϯ1°C. The frogs were fed a commercial diet (Kato S Science) once daily during the acclimatization period for 7 d.
MATERIALS AND METHODS

Test
Exposure Design Frogs were exposed to the chemicals either via water or intraperitoneal injection. In the waterborne exposure, each group of frogs (six frogs per treatment) was exposed to the nominal concentrations of 10, 50, and 100 mg/l NP, and 20, 100, and 200 mg/l TCS dissolved in dechlorinated tap water for 14 d. The control frogs were exposed to the solvent carrier only (DMSO 0.1 ml/l), and the positive control frogs were exposed to the nominal concentration of 1 mg/l of estradiol-17b (E2). The exposure periods of these chemicals were selected on the basis of the results of a previous study. 13) During the experimental period, the exposure water in the tanks was changed every 24 h. Blood samples were then taken at the end of the exposure period.
In the intraperitoneal exposure, each group of frogs (six frogs per treatment) was injected with 2, 20, and 200 mg/g body weight NP, and 4, 40, and 400 mg/g body weight TCS dissolved in propylene glycol. The control frogs were injected with the solvent carrier only (propylene glycol), and the positive control frogs were injected with 20 mg/g body weight of E2. After the injection, frogs were transferred to glass tanks containing dechlorinated tap water, and maintained for 7 d. Blood samples were then taken at the end of the exposure period.
In both exposure systems, each group of frogs was kept in a 30-l glass tank maintained under 16 h light-8 h dark photoperiod at 24Ϯ1°C, and fed 0.3% body weight of a commercial diet every day during the experimental period.
Preparation of Blood and Microsome Samples Frogs were weighed and blood samples were taken from the caudal vasculature with heparinized syringe and needle. Blood samples were transferred into a centrifuge tube, and centrifuged at 6000ϫg for 10 min. The plasma was then stored at Ϫ80°C until assayed. All preparative procedures were carried out at 4°C.
The liver was homogenized with 4 volumes of 0.25 M sucrose in a Potter-Elvehjem homogenizer with a Teflon pestle. Preparation of the 105000ϫg soluble fraction and microsomes was carried out by the procedures previously described by Arizono et al. 14) and Ariyoshi et al., 15) respectively. Microsomal protein content was determined according to Lowry et al. 16) using bovine serum albumin as a standard. The microsomal samples were stored at Ϫ80°C until use. All preparative procedures were carried out at 4°C.
Measurement of Plasma Vg Plasma Vg levels in male frog were measured using enzyme-linked immunosorbent assay (ELISA) in a Vg assay kit (Japan EnviroChemicals, Osaka, Japan) specifically for frog developed by Mitsui et al.
13) The measurement of plasma Vg was performed according to the manufacture's procedure. Purified frog Vg (1-1000 ng/ml) was used as a standard, and Vg in diluted samples was measured in duplicate. The assays were performed at room temperature. Concentrations of Vg in plasma samples were calculated from the linear part of the log-transformed frog Vg standard curve. The detection limit of Vg in the present study was 1 ng/ml.
Measurement of Plasma T Plasma T levels were measured by an ELISA as described by Ishibashi et al. 17) T was extracted from blood plasma three times using ten volumes of diethyl ether. The ether was evaporated under nitrogen, and the sample was reconstituted with assay buffer. Each sample was analyzed in duplicate for T corrected for extraction efficiencies of 90%. The minimum concentration detectable was 50 pg/ml for T. In this ELISA system, interassay and intra-assay coefficients of variation were less than 10% for plasma T. Measurement of Hepatic EROD and PROD Activities EROD and PROD activities in frog liver microsomes were measured by dealkylation of ethoxyresorufin and pentoxyresorufin, respectively, and detection of the resulting resorufin by high-performance liquid chromatography (HPLC) with fluorescent detection as described by Tatarazako et al.
18)
Statistical Analysis All statistical analyses were performed using Stat View J 5.0 (SAS Institute Inc., Cary, North Carolina, U.S.A.). All experimental data were checked for assumptions of homogeneity of variance across treatments using a Bartlett test. When the assumptions were met, data were analyzed by one-way analysis of variance followed by Dunnett's multiple comparison tests. 19) When no homogeneity was observed in the data, nonparametric Kruskal-Wallis test was used, followed by a Mann-Whitney U test with Bonferroni's adjustment. 20) Differences were considered significant at pϽ0.05 or pϽ0.01.
RESULTS AND DISCUSSION
In this study, we investigated the effects of NP and TCS on production of Vg, T, and hepatic EROD or PROD activities in male X. laevis. In the waterborne exposure, there were no significant differences in body weight among the solvent control, NP-or TCS-treated groups (ranging from 51.7 to 62.8 g). In addition, the intraperitoneal injection, there were no significant differences in body weight among the solvent control and NP-or TCS-treated groups (ranging from 53.3 to 62.0 g); however, all the animals injected 200 mg/g body weight of NP died during the experimental period.
In the waterborne exposure, there were no significant differences in plasma Vg levels among the NP-or TCS-treated groups (Fig. 1) . The 10 mg/l NP tested in this study was often detected in the aquatic environment, and 50 and/or 100 mg/l NP caused the induction of Vg in fish. [21] [22] [23] On the other hand, water samples collected near the outfall of a wastewater treatment plant in Rhode Island, U.S.A., showed 10-20 mg/l of TCS in the effluent. 6) These results indicate that NP or TCS did not have any estrogenic effects on adult male frog at the concentrations detected in the aquatic environment. Furthermore, high levels of E2-1 mg/l did not induce plasma Vg in male frog in the present study (Fig. 1) , although it is known that endogenous estrogen such as E2 induced the plasma and/or hepatic Vg in fish. 24, 25) In the intraperitoneal injection, we could not demonstrate the induction of plasma Vg in male X. laevis at NP concentrations tested in this study as well as in result of water exposure (Fig. 2) . Van Wyk et al. 11) reported that no induction of plasma Vg in male X. laevis treated with 100 mg NP/g/week. Therefore, NP may not have estrogenic effect in adult male X. laevis. Moreover, male frogs injected with high doses of NP had lower T levels than the control group, although no statistically significant difference was determined because a large individual variation was observed (Fig. 3) . Similar observations have been reported in X. laevis exposed to NP.
11) It might be that NP inhibited an aspect(s) of steroid release and/or synthesis common to T in male X. leaevis. However, Okoumassoun et al. 26) assessed the estrogenic activity of the organochlorine pesticides o,pЈ-DDT, dieldrin, aldrin, heptachlor, mirex and DDT in rainbow trout hepatocyte cultures using Vg. Heptachlor and mirex did not induce Vg. They suggested that the EC 50 value for inhibition of estrogen receptor binding by heptachlor was cytotoxic for hepatocytes in culture, and this could in part explain the lack of Vg response observed with this compound at the concentrations tested. In this study, although there were no significant differences in body weight among all treatment groups, all frogs injected with 200 mg/g body weight of NP died during the experimental period. Thus, no Vg production in male frogs exposed to NP may cause lethal toxicity.
The levels of plasma Vg in all TCS treatment groups were lower than that in the solvent control group in the intraperitoneal injection, but no statistically significant difference was determined (Fig. 2) . In addition, male frogs injected with high doses of TCS had lower T levels than the control group, but no statistically significant difference was determined (Fig. 3) . Panter et al. 27) reported that while the pharmaceutical antiestrogen ZM 189,154 had no impact on somatic endpoints in juvenile fathead minnow (Pimephales promelas), this substance caused a reduction in Vg concentrations, which is consistent with its mode of action as an estrogen receptor antagonist. Recent studies have demonstrated changes in fin length and non-significant trends in sex ratio of medaka (Oryzias latipes) exposed to 1-100 mg/l TCS detected in aquatic environment, and have suggested that TCS has weak androgenic and antiestrogenic potency. 28) Our previous study also suggests that the metabolite of TCS may be a weak estrogenic compound in male medaka. 8) Therefore, the reduction of plasma Vg in this study may be due to the antiestrogenic effects of TCS in male X. laevis.
In the present study, male frogs injected with 20 mg/g body weight of E2 had significantly higher plasma Vg levels than the solvent control group (Fig. 2) . Van Wyk et al. 11) also reported that treatment with 10 mg/g/week of E2 induced plasma Vg synthesis in male X. laevis. These results suggest that induction of plasma Vg in male X. laevis could be a suitable biomarker for the evaluation of estrogenic activity of EDCs.
Fujita et al. 29) reported molecular cloning and sequence analysis of cDNAs coding for 3-methylcholanthrene-inducible CYP1A isoform in X. laevis liver. In contrast, induction of hepatic CYP2B by phenobarbital (PB) has been reported in semi-aquatic frog (Rana pipiens). 30) Therefore, the determinations of EROD and PROD activities in frog are important markers of toxicological research. 30) Hanioka et al. 9, 10) reported that BROD and PROD activities in rats, were induced by all doses of TCS, suggesting that TCS induced the hepatic P450 isoforms of the CYP2B subfamily. We also assessed the induction of EROD and PROD activities in hepatic microsomes from male frog exposed to TCS but found no difference between the EROD and PROD activities among the TCS treatment groups (Fig. 4) . Although PB induction of CYP2B has not been clarified in X. laevis, it is unclear whether our results are due to physiological differences in the induction of hepatic CYP2B between X. laevis and R. pipiens. Further experiments in the laboratory are required to evaluate CYP2B induction in X. laevis exposed to various CYPs inducers. 
